New insights into directed cell migration: characteristics and mechanisms.
The present article describes how it is possible to elucidate the essential cellular machines controlling directed migration. Investigations are performed with cells like granulocytes, fibroblasts or neural crest cells and these cells are found to contain two independent types of machines, a steerer (controller without feedback) for the speed and an automatic controller (controller with feedback) for the angle of migration. The first intracellular signal is the distribution of membrane bound receptors occupied by kinesis stimulating molecules from the extracellular space. Motile force is produced by a linear motor supplied by the chemically amplified first intracellular signal (total number of occupied receptors). When properties of the cellular steering device are investigated, results show the angle of migration to be corrected by an automatic controller and an asymmetric distribution of occupied receptors to be the first intracellular signal for directed migration. Properties of the goal-seeking device are also investigated. As in many different types of technical machines, the cellular machinery operates in a cyclic manner which in the case of granulocytes a measuring cycle of 8 s and a response cycle of approximately 60 s. These cellular machines may be understood in terms of a self-ignition mechanism where the renewal of membrane bound receptors is the essential step.